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IN THE 
MANUFACTURE 


*NEWALLOY” BOLT 
65-75 TONS 


*NEWALL’ HITENSILE 
BOLT 45-55 TONS 


TREFOIL 


BAKELITE PLASTICS 


REGD. TRADE MARKS 


_ Pioneers in the Plastics World 


HYDRAULIC PACKINGS 
SEALS e GASKETS 


GACO is ideal for hydraulic sealing being 
grainless, resilient, non-porous, and highly 
resistant to oils, fuels and chemical corrosives. 
It is widely used in the hydraulic and pneumatic 
control systems of aircraft where only materials 
of the highest grade can be employed. Its 
unequalled surface finish and dimensional 
accuracy are well known to all designers. 
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VICKE RS-ARMSTRONGS 


Head Office: VICKERS HOUSE BROADWAY LONDON 


In a field that had apparently reached 
the ‘peak’ of design, the application 
of Aluminium Alloys given the 
monster Mechanical Digger a new degree 
of efficiency—bigger yardage at lower 
cost. For these strong lightweight metals 
have enabled the capacity of the scoop 
to be increased by 20—25 per cent. and 
the saving in weight has increased the 
speed of operation by 20 per cent. In 
this development we shall keep pace, 
adapting our product to the specific 
needs of its users; our system of produc- 
tion being standardised only for quality. 
For we produce Aluminium Alloys for 
every conceivable purpose. Tomorrow it will 
be for industrial and commercial uses. 
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A useful addition to the library 
' of all who are interested in 
Magnesium and its alloys 


. 


Price: U.K., 30/- 
plus 7d. postage 

Abroad, 30/- 
plus 1/3 postage 


Cheques to be made out to 
F. A. Hughes & Co., Ltd. 


ELEKTRON 


THE PIONEER MAGNESIUM ALLOYS 


@ Sole Producers and Proprietors of the Trade Mark *Elektron”’: MAGNESIUM ELEKTRON LIMITED, Abbey House, London, N.W.| @ Licensed Manufacturers: 
Castings & et s STERLING METALS LIMITED, Northey Road, Foleshill, Coventry @ eae THE BIRMINGHAM ALUMINIUM CASTING (1903) COMPANY 
LIMITED, Birmud Works. Smethwick, Birmingham @ J. STONE & COMPANY. LIMITED, Deptford, London, S.E.14 @ Sheet, Extrusions, Forgings & Tubes : JAMES BOOTH 
& CO. (i915) LIMITED, Argyic Street Works, Nechells, Birmingham. 7 @ Sheet. Extrusions, =: BIRMETALS LIMITED, Woodgate, Quinton, Birmingham 
@ Suppliers of Magnesium and ‘Elektron’ Metal for the British Empire: F. A. HUGHES & CO. LIMITED, Abbey House, Baker Street, London, NW 
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AIR 
STRIKING 
POWER 


The outstanding day and night bomber of 
the present is without doubt the Lancaster. 
Now that it is in service in numbers, its feats 
mount up week by week. aeroplane. 


The Lancaster is powered with 
four Rolls-Royce Merlin Engines 


ROLLS ROYCE 


AERO ENGINES 
For Speed and Reliability 
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X THE THIRST FOR POSITIVE KNOWLEDGE xx 


The Aeroplane 


In the pages of aeronautical history an honoured place is due to two more 
visionaries for whom theory was not enough. Henson and Stringfellow 
were seekers after positive knowledge, and from 1842 onwards they 
constructed a series of model steam-driven aeroplanes from which, had a 
lighter power unit been available, might well have developed the first 
man-carrying flying machine. Positive Knowledge is essential to the air- 
crews of today . . . and it is supplied by the accurate, reliable Weston 
Instruments which guide and iiform from take-off to landing. 


Weston AIRCRAFT 

INSTRUMENTS 
(Sangamo Weston Ltd., Enfield, Middlesex) 

POSITIVE KNOWLEDGE FROM TAKE OFF TO TOUCH DOWN 


\ 


Specialists in 


JIGS & FIXTURES @ PRESS TOOLS 
“Let us bend all : 

AIRCRAFT ASSEMBLY JIGS & inn ee 

a ever more vigorous : 

HEAT TREATMENT : prosecution of our : 

SMALL ASSEMBLY HAND TOOLS : supreme task.” : 
: THE PRIME MINISTER 


FULLY A.I.D. APPROVED 
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NON-FERROUS 
MACHINED 


PARTS FOR 
AIRCRAFT 


ANN 4 |  *Grome: BIRKETT, HANLEY. 


HAWKER AIRCRAFT LIMITED 
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Intimate Detail 


HE illustration shows the mechanical 

stage of a modern metallurgical micro- 
graphic camera, on which is mounted a 
prepared specimen of MAGNUMINIUM 
magnesium alloy. The polished surface to 
be microphotographed is placed face down- 
wards over a variable aperture. The 
instrument incorporates a source of light, a 
camera and elaborate optical systems for 
directing the light on the prepared surface, 
magnifying up to 1,000 diameters and pro- 
jecting it upon a photographic plate with 
further magnification to 3,000 diameters. 
The stage may be rotated through 360° or 
translated along its rectangular co-ordinates, 
the angles of rotation or distances traversed 
being measured by the graduations shown. 
This is a further reminder of how the latest 
discoveries in scientific knowledge and 
equipment ensures that Magnuminium is 
kept in the forefront of modern develop- 
ments in industry’s lightest metal. 
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TION 


AERONAUTICAL ENGINEERS 
AND CONSTRUCTORS | 


Contractors to the Air Minit, War Office and Admiraity 


DESIGNERS QF AIRCRAFT 


PATENT NO. 519567. 


Rubbaglex 


CONSTANT SPEED 


stretching properties. 


maximum thickness of .125’. 


Sleevings, etc. 


SOLE PATENT LICENSEES:— 


IMPERVIA 


April, 1948 


(REGD.) 


“ Rubbaglex sheeting is processed 
on 100% pure glass cloth, has very 
high tensile strength, and combines 
flexibility and resiliency with non 


§ It Is impervious to Aromatic 
Hydro Carbons, Hot Engine Oil 
(Spec. D.T.D. 109) Di-ethylene Gly- 
col, Paraffin, and various solvents. 


§ Specially processed to ensure a 
minimum thickness variation of 
Plus/Minus .002’. Processed from 
a minimum thickness of .006’ toa 


Highlyrecommended for Gaskets, 
Washers, Jointings, Diaphragms, 


4 Used by leading electrical, 
mechanical & aircraft engineers, ete. 


3 GROSVENOR GARDENS, LONDON, S.W.! 
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HIGH 


DUTY 


ALLOYS 


WELL, pure aluminium is one of the most 
corrosion - resistant of all metals. When 
exposed to the atmosphere it automatically 
forms a protective oxide skin — which can be 
increased artificially by “ anodising.” 


In certain aluminium alloys, particularly when 
copper is used as an alloying constituent, this 
resistance is reduced and additional protection 
is usually needed. Where severe working 
conditions are met, as in flying boat hulls, 
current practice is to use an alloy, coated with 
pure aluminium, which has been anodised. 


Undoubtedly the most striking advance in this 
field is the development of the Hiduminium 
ANTICORODAL Alloys, which have a cor- 
rosion resistance in most instances equal, if 
not superior, to pure aluminium. 


If a strong, light, corrosion-resistant material 
can play a part in your post-war plans, write 
to the Development Department for details. 
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SOME FEATURES 


@ COVENTRY e ENGLAND 


5-SPINDLE AUTOMATICS 


@ No cam changes @ Infinitely variable working strokes, plus 
constant idle approach @ Changes accomplished in minutes 
instead of hours @ Economic employment of multi-spindle 
automatics for short runs @ Lower machining costs @ And more 


5-SPINDLE BAR AUTOMATICS 
Made in two sizes 13 in. and 1} in. bar 


CHUCKING AUTOMATICS 
Made in two sizes 5 in. and 6 in. swing 


Delivery is subject to Pur- 
chase and Priority Certificates 
issued by the M.T.C. 


Carbon & Alloy Steels 
of the highest quality 
FORGINGS, CASTINGS 
DROP FORGINGS 
RAILWAY MATERIALS 


Small Tools & Tool Steels 


ENGLISH STEEL CORPORATION!” 
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AIRCRAFT CONSTRUCTORS AND REPAIRERS 
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Combined 


Achievements 


* * * 


ictory over the enemy quick and unquestionable. Army, Air Force 

and Navy combining in one shattering attack that destroys all re- 
sistance hurled against it. How is the science of filtration linked up 
with such great achievements? To Engineers the answer is obvious. 
No engine of any type used on aircraft, for tanks or tractors, for the 
army or for engines fitted iz every type of sea-borne vessel, can 
froduce its maximum power unless the Air, Oil and Fuel Oil used is 
free from dust and impurities. This is a job of work that Vokes Filters 
undertake and as marine engineers know, it is a job Vokes have 
successfully tackled for many years past. 
Vokes Filters are used in Marine Diesel Engines of all types. The 
Vokes Standard of 99.9°, Filtration Efficiency is maintained under all 
service conditions. 


CONTRACTORS TO 
9 BRITISH & DOMINION GOVERNMENTS 
De LONDON, S.W. 


VOKES FILTER FOR LERO-ENGINES 


WHIRLWIND FIGHTER-BOMBER 


Col 


M. HOBSON (AIRCRAFT & MOTOR COMPONENTS) L | 
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WESTLAND AIRCRAFT 


SUMMARY OF 


CUT, ASSEMBLED AND FITTED ON SITE 


e types for a wide range of fluids of gases 


In Flexatex, Wilkinson Research has produced a rationalisation 
of the whole method of flexible hose construction, supply and 
assembly. Each type is constructed from materials selected to 
suit the operating conditions. The unique design brings better 
relative performance than any other type. Flexatex is the result 
of close experiment by a technical organisation versed in such 
problems of industry . . . Wilkinson Rubber Linatex Ltd. the 
organisation that produced the original Linatex self-sealing 
flexible fuel hose. It is a Wilkinson product. 


enquirers 


and practical treatise. 
Useful technical 
data on Flexatex, 
with full instruc- 
tions on its ap- 
plications. 


FEATURES 


| End connections can be 
fitted to Flexatex with ease 
and speed. 2 Special con- 
struction ensures positively 
leak-proof joints. 3 Cut- 
ting and assembly of 
Flexatex and end fittings 
can be carried out on site 
by an untrained operator 
with ordinary tools. 4 It is 
unnecessary for Flexatex to 
be electrically bonded be- 
tween end fittings. § Allows 
a greater flow than any 
other flexible hose of equal 
bore. 6 The weight per foot 
run is less than that of many 
types of ordinary flexible 
hose. 7 Passes the standard 
flame test and does not 
support combustion. 8 Im- 
proved crash-proof quali- 
ties. 9 The Flexatex range 
includes types suitable for 
the conveyance of a wide 
range of fluids or gases 
where temperatures do not 
exceed 70°C. 10 Available 
in standard 14’ 6” lengths 
and suitable for use with 
standard A.G.S. parts, 
straight and beaded ends. 
I Flexatex rationalises the 
whole method of flexible 
hose supply and assembly. 


Manual of Technical Data 
on Flexatex to bona fide 


Apply for this interesting 
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ACRYLIC RESIN SHEET 


¥%* Retains its strength and does not 
become brittle at low temperature. 
At- 40°C. (24,000 ft.) its impact 
strength is greater than at ground 
level. 


% Its highclarity is retained inintense 
sun and ultra-violet light. 


‘PERSPEX’ is the perfect trans- 
parent material for aircraft 


1.C.1 (PLASTICS) LTD. 


(A_ subsidiary company of 
Imperial Chemical Industries Ltd.) 


Sales Offices at: Mill Hill, London, N.W.7; 

Oldbury, near Birmingham; Alderley Edge, 

Cheshire; Bristol; York; Newcastle-on-Tyne; 
Glasgow; Belfast; Dublin. 


P105 


On Air Ministry List of Approved Suppliers, Pa 


For compressed asbestos joints to 
Air Ministry Specifications DTD 
378 and DTD 416; and also 
“Marseline oil, petrol and 
water joints, consult one of the 
original makers of joints for the 
aero industry. 


THE SOUTHWARK MANUFACTURING CO. Liv 


Telephones : Victoria 2722 & 2723 
Telegrams: Orient’ Birmingham 


ESTABLISHED 1903 


BIRMINGHAM 


rel. 


FTO ENGINEERS AND INDUSTRIALISTS— 
A WON-BUBBER FLEXIBLE HOSE THAT CAN BE 
BY UNSKILLED HANDS 
i 4 
OVERING 
y 
NON-R flexihle HOSE 
o WILKINSON RUBBER LINATEX LTD., FRIMLEY RD., CAMBERLEY, SURREY. Te/: Camberley /595. Also in Canada, Australia, South Africa, U.S.A., ete, ‘ 
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routine not adventure ; 

British Mercantile Air Seam. 
Fast cargo planes delivering 
necessities to war stricken 
countries; helping reconstruction ; 
: establishing new markets for 
Bs: Britain. Planes of revolutionary 
z design propelled by the Ace of 
Blades— Weybridge Blades ! 
Wooden propeller blades of proved 
efficiency and superiority that do 
not fatigue like metal. Blades that 
are cheaper and easier to repair. 


WEYBRIDGE 
BLADES 


THE AGE OF (‘BLADES 
FOR ALL AIRCRAFT PROPELLERS 


THE AIRSCREW CO., LTD. ENGLAND WHOLLY British ! 
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Material for Thought 


Gannet, 
Bonaventure Island 
Canada. 


Photograph— 
A. D. Cruickshank 
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“THREE~POINTER" 


No Gremlins interfere with the 


perfect landing of our friend 


above. 


And, no grumblings either about 
the way Reynolds ‘Hiduminium 
Aluminium Alloys stand up to 


their job as vital components to 


Aircraft. 


Reynolds may have * got the 
bird in the photo 


but only in that. 


TUBES - RODS - STRIP: SECTIONS - SHEET 
IN "HIDUMINIUM” ALUMINIUM ALLOYS 


REYNOLDS TUBE CO. LTD. & REYNOLDS ROLLING MILLS LTD., BIRMINGHAM, 11 
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@ The practical 
e ¢0-operation of 
our experienced 
Staff 
is available at 

all times 


COLD GLUE 


has been used extensively throughout the Aircraft 
Industry in the construction of Air-Screws, 
laminated Spar B for Mainpl » Centre 
Sections, etc., wooden Ribs for all Aircraft com- 
ponents and the essential attachment of Plywood 
skin covering of wood q Fuselag 
and other Aircraft components, 


Sole Manufacturers: 
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WITH WHICH IS INCORPORATED THE INSTITUTION OF AERONAUTICAL ENGINEERS 


MONTHLY NOTICES 
APRIL, 1943. 


Members of Council. 


The following is the list of Council for the year 1942-1943. Those marked * 
were elected at the Annual General Meeting on March 27th, 1943. The President 
and Vice-Presidents are elected at the April or May meeting of Council and take 
office on October 1st in each year :— 

President: Mr. A. Gouge, B.Sc., F.R.Ae.S. 
Past-President: Mr. Griffith Brewer, Hon. F.R.Ae.S. 
Vice-Presidents: Mr. E. F. Relf, F.R.S., F.R.Ae.S. 
De. H. KRexbee-Cox, D.1.C., B.Sce., F.R.Ae.S. 

Council: Mr. R. Blackburn, F.R.Ae.S., Mr. Griffith Brewer, Hon. F.R.Ae.S., 
Miz Brown; B.Sc. Mr. S.Camm;,* ©. F.R-Ae:S:, Dr: H: 
Roxbee Cox, D.I.C., B.Sc., F.R.Ae.S., Mr. G. H. Dowty, F.R.Ae.S., 
Mr. E. C. Gordon England, F.R.Ae.S., Mr. S. H. Evans,* F.R.Ae.S., Mr. A. 
Gouge, B.Sc., F.R.Ae.S., Captain A. G. Lamplugh, F.R.Ae.S., Major R. H. 
Mayo,* F.R.Ae.S., Mr. R. K. Pierson, F.R.Ae.S., Mr. G. E. Petty,* F.R.Ae.S., 
Dr. D. R.. Pye, C.8., F.R.S., M.1.Mech.E., F.R:AeS., Mr. E. F. Relf, F.R.S., 
F.R.Ae-S.,. Mr. N. E. Rowe,* B:Sc.,. D-I-C., F.R-Ae:S.,. Mr. A. E. Russell;* 
B.Sc., F.R.Ae.S., .Sir Francis Shelmerdine,* O.B.E., C.I.E., F.R.Ae.S., 
Mr. Oliver E. Simmonds,* F.R.Ae.S., M.P., Mr. R. S. Stafford,* A.F.R.Ae.S., 
Mr. A. Hessell Tiltman, F.R.Ae.S., Mr. C. C. Walker, F.R.Ae.S. 


Fellows. 


The following were passed by the Council during the year for Fellowship 
and their elections announced at the Annual General Meeting in accordance with 
Rule 4 :— 

F. F. Crocombe (from Associate Fellow), D. L. Ellis (from Associate Fellow), 
F. W. Merriam (from Associate Fellow), D. Nicolson (from Associate Fellow), 
R. L. Ninnes (from Associate Fellow), N. E. Rowe (from Associate Fellow). 


Wilbur Wright Memorial Lecture. 


The 31st Wilbur Wright Memorial Lecture will be read on Thursday, May 27th, 
1943, at 6.30 p.m., by Mr. E. P. Warner, F.R.Ae.S. The Lecture will be 
held at the Institution of Mechanical Engineers, Storey’s Gate, St. James’s, 
S.W.1 (by kind permission of the Council of the Institution). Light refreshments 
will be served before the meeting. 


Associate Fellowship Examinations. 
The next Associate Fellowship Examination will be held on Tuesday, May 18th, 

and Wednesday, May 19th, 1943. Full particulars of venue and times will be 

sent direct to candidates who have entered for the examination. 
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MONTHLY NOTICES. 


Advertisements. 

The fact that goods made of raw materials in short supply, owing to war 
conditions, are advertised in the Journal, should not be taken as an indication 
that they are necessarily available for export. 


Craduates’ and Students’ Section. 

The following lectures have been arranged as Joint Meetings with the Graduates’ 
Section of the Institution of Automobile Engineers, and will be held in the 
Library of the Royal Aeronautical Society, 4, Hamilton Place, W.1 :— 

Tuesday, 11th May, at 7.0 p.m.—Informal talk on ‘* Plastics,’ by Mr. H. D. 
Curwen, the Editor of ‘‘ Plastics.”’ 

Wednesday, 16th June, at 7.30 p.m.—‘‘ Applications of Photography to 
Engineering,’’ by Dr. Baines, F.I.C., F.R.P.S., of Kodak Research 
Laboratory. 

Wednesday, 14th July, at 7.30 p.m.—‘‘ Surface Finishing,’’ by J. A. Oates, 
of ‘* Aircraft Production.’’ 


Election of Members. 
The following.members were recently elected :— 

Associate Fellows.—) Barker, Herbert George Brackley, Francis 
Stanley Burt (from Student), Henry Aldyn Craw (from Graduate), 
Edward Reginald Davidson (from Student), Gordon Robert Forbes 
(from Student), Gerald Freeman Philip Fox, Stewart Kevern 
Hambling (from Graduate), Alexander Fulton Hamilton, John 
Vredenburg Inglesby (from Graduate), Philip Gadesden Lucas, 
Geoffrey Laurence O’Hanlon, Hugh Frederick Payne (from 
Student), Frank Isaac Marking (from Graduate), Eric Skelton 
(from Associate), Philip Harold Stokes, Peter John Thursby (from 
Graduate), Richard Watts, Thomas Henry Whitehouse (from 

Student). 


Associates.—John Francis Connor, Francis J. Crosbie, Leonard Camidge, 
John Ronald Finnimore, Edwin Arnold Fitton, John Peter Ford, 
Frederick Charles Edney Hayter, Henry Stockman Howlett, Cecil 
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Corrections. 


In the paper on ‘‘ Wood Smoke as a Means of Visualising Boundary Layer 
Flow,’’ by Preston and Sweeting, published in the March Journal, the following 
corrections should be made :— 

For 10 (6), p. 93, lines 19, 31 and 5 from bottom, read 10° and also p. 98, 
line 7 from bottom. 

On page 98, line 8 from bottom of page, 10 (5) should read 10°. 

Page 102, line 6 from bottom of page, should read ‘‘ Where such details are 
required, use of the present method would be a time and labour sia: preliminary 
to a detailed exploration by hot wires or total head tubes and . 
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NEW RESULTS AND PROBLEMS IN MEDICAL STRATOSPHERE 
RESEARCH.* 


H. STRUGHOLD. 
Luftwissen Vol. IX, No. 6, June, 1942, pp. 177-181. 
Translated by L. J. GoopLer. 


Flight is the most perfect and unconstrained form of animal motion; it is also 
the most widespread, since it offers the most favourable conditions of survival in 
the struggle for existence. Animal species losing the power of flight, are an 
easy prey for their enemies, and speedily become extinct. 

Man, having achieved the power of mechanical flight by technical skill, has now 
introduced the art of flying in his own struggle for existence, as abundantly 
proved by the history of the past thirty years. Research, and not engineering 
research alone, has stood in the forefront of this development: filling the rédle of 
the advanced reconnaissance unit in development, experimentation, and the 
tactical application of the power of flight. 

Man, aircraft-borne, now flies higher (record altitude 17,000 m.), faster (speed 
record 755 km./h.), and farther (long-range distance record over 12,000 km.), 
than any other animal. This raises a query as to the effect of flight on the 
human organism. 

High-altitude, high-speed, and long-range flight provide many points of 
contact between aeronautical and medical science. Furthermore, the other 
animals fly either only by day, or only by night, and never in fog or cloud. Man 
alone, neither exclusively diurnal nor nocturnal, flies undisturbed by conditions 
of light or darkness or fog. Thus, night and blind flying provide yet further 
contacts between aeronautics and medicine: the specific physiological and optical 
problems of the night-fighter pilot and A.A. gunner are examples. 

Physiological research is generally in the foreground, particularly where the 
design of extreme, revolutionary aircraft types is concerned. Practical aviation 
(flying technique) on the other hand, requires contacts with almost all branches 
of medicine: e.g. pathology and internal medicine. 


The classic example of co-operation between aeronautics and medicine is given 
by the development of high-altitude flight. In this, theoretical and experimental 
physiological research on fundamental principles, has furnished the groundwork 
on which a whole science and discipline of high-altitude physiology has been 
constructed: at first, as the physiology of mountaineering ; next, in the height of 
scientific research on the problems of lighter-than-air flight at the turn of the 
century, obtaining its first contact with the problem of the physiology of flight. 
Thus, a certain body of scientific practice and tradition could be formed, but the 
intrusion of aircraft into the stratosphere has again quite recently, confronted 
medical science with a new “‘ terra incognito ’’ to conquer. The present paper 
will describe the results of approach to those problems on scientific lines. 

The general problem of high-altitude flight can be resolved into the following 
questions :— 

1. How and with what technical aids is penetration into the stratosphere 
possible with the preservation of full efficiency ? 


* Published by permission of the Ministry of Aircraft Production (R.T.P.). 
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2. How can emergence from the stratosphere be safely effected in the 
case of failure of the technical aids ? 

The formulation is similar to that applicable to medical research on the problems 
of deep-sea diving and submarine navigation, only with sign reversed and in a 
different medium. 

Dealing with the first question, it will be known that the introduction of 
auxiliary oxygen-breathing equipment has enabled the lower region of the 
stratosphere—the substratosphere—to be utilized for human flight, while the 
introduction of pressure cabins and flying suits has enabled penetration of the 
stratosphere itself up to an altitude of 17,000 m. 

To appreciate the mode of operation of the technical aids to high-altitude flight, 
and the limits of their application, it will be necessary to investigate briefly, the 
effects of altitude in the region of the troposphere. 

The critical factor in the physiological effect of high altitude is the oxygen 
supply. It is a biological fact that the maintenance of health and _ efficiency 
requires the absorption in addition to certain daily quantities of alimentary 
products, protein, fat, etc.—of a gaseous aliment—oxygen—assuring combustion 
of the solid and liquid alimentary products in the cells of the body and thus the 
generation of the requisite bodily energy. The minimum oxygen requirement 
of the human body at zero altitude is of the order of 18 litres/hour or 400 litres/day. 

The second most important factor is the increasing difficulty of absorption 
of the atmospheric oxygen by the lungs with increasing altitude. This alone, 
would not lead, however, to immediate bodily distress, without the operation of 
a third important factor—the inability of the human body to accumulate a store 
of oxygen: in regard to its gaseous alimentation the body lives, so to speak, 
‘from hand to mouth.”’ 

These three factors in conjunction make oxygen deficiency the most important 
component of altitude effect, apparent already in the troposphere, but becoming 
of critical importance in the stratosphere: and simultaneously the reason why 
the efficiency of the body is impaired at 4,000 m., while life itself becomes extinct 
at 8,000 m. 

Oxygen deficiency does not consist of a reduction of the percentage of oxygen 
in the air—by means of pilot balloons, E. Regener found as much as 20.7 per 
cent. by volume of oxygen at 20,0co m. altitude—but rather of a reduction in 
the absolute number of oxygen molecules contained in unit volume of air, which 
is of course a function of the gas (atmospheric) pressure. 

The decisive factor, in the absorption of oxygen by the blood stream, however, 
is its pressure, specifically the alveolar pressure in the lungs. This does not 
correspond with the atmospheric external pressure (160 mm. Hg.) but is lower 
(about 100 mm. Hg.) owing to the presence of water vapour in the lungs, and 
other causes. This is the effective oxygen pressure in the lung (pulmonary 
oxygen pressure) ; the oxygen pressure in the body cells is still lower, and the 
oxygen flow is consequently directed from the region of higher pressure in the 
lungs along the circulatory system to the body tissues. The respiratory system 
acts as a ventilator maintaining the requisite oxygen pressure in the lungs; if 
the pulmonary pressure now falls to 80 mm. Hg., corresponding to an altitude 
of 2,000 m., the mechanism of the oxygen supply becomes disturbed: the rate of 
respiration increases, to produce a supercharging effect on the oxygen supply 
to the lungs, and the working of the circulatory system, operating and distributing 
the flow of blood to the tissues, becomes accelerated. These measures of 
adaptation to the oxygen deficiency do not, however, prevent symptoms of 
physical distress appearing when the pulmonary pressure falls to 60mm., Hg., 
corresponding to 4,000 m. altitude; at 30 mm. Hg. corresponding to 7-8,000 m., 
the distress becomes acute and dangerous to life. 

The limitation of altitude due to oxygen deficiency is therefore quite appreci- 
able ; and would be even greater if the respiratory and circulatory systems did 
not possess a certain capacity for accommodation. To elucidate this point, 
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particularly in regard to conditions in the stratosphere, conceive of a hypothetical 
being possessing no power of accommodation in either the respiratory or circula- 
i tory system—comparable to a motor car with locked throttle valve and clutch. 
This hypothetical being would then be unable to ascend more than a few hundred 
steps without collapse, would be seriously affected by altitude conditions 
at 2,000 m. above zero, and would perish at 4,000 m. In actual fact, a healthy 
human being will not collapse at these heights, since the human mechanism of 
oxygen supply possesses the power of regulation and accommodation: oxygen 
deficiency can be compensated, commencing at 2,000 m., the effect continuing to 
4,000 m. without loss of bodily efficiency, and to 8,000 m. without loss of life. 
The position is the same in regard to the limit of oxygen-assisted respiration in 
the stratosphere. The equipment for auxiliary oxygen supply at high altitude 
j is of course founded on the principle of maintaining the pulmonary oxygen 
pressure by the provision of an auxiliary supply of oxygen gas, at a level 
approximately equal to the alveolar pressure in the lungs at zero altitude (sea 
level). It has been established by theoretical analysis and confirmed by experi- 
ment that, exactly as in the troposphere the pulmonary oxygen pressure sinks 
for unassisted breathing (without oxygen) to the critical value of 30 mm. Hg. 
| at 7,000 m., the development is repeated for orygen-assisted breathing in the 
| stratosphere, at an altitude of 14,000 m. 
This immediately defines the relative physiological altitude limits for oxygen- 
; assisted and unassisted breathing; e.g. when breathing O,, 10,000 m. altitude 
will correspond to zero m. in unassisted breathing; 12,000 m. to 3,000 m., and 
13,000 m. to about 5,000 m. 
Reverting to the hypothetical case of a being without power of respiratory 
accommodation, the limiting altitude for oxygen-assisted breathing will be found 
at about 11,000 m. The power of accommodation, however, with the help of 
modern oxygen-breathing apparatus, allows a healthy person to attain a height 
of a little over 12,000 m. without distress; this increasing in an emergency, as 
high as 14,000 m. 

H. Hartmann, who lost his life on physiological research at high altitudes, in 
the ascent of Nanga Parbat, succeeded in attaining the equivalent of 14,400 m. 
in the decompression chamber. However, the limit of safety or threshold of 
distress in oxygen-assisted breathing, should be taken at 12,000 m.; for special 
operations above that altitude, specially trained airmen with a particularly high 
power of accommodation are required. 

Auxiliary oxygen-breathing apparatus has consequently opened for traffic, the 
regions between 4,000 and 12,000 m. altitude—a gain of roughly 8,o00 metres, 
due entirely to effective collaboration between engineering and medical science. 

This applies, however, only to comparatively brief ascents. For flights of 
longer duration, the physiological limiting altitude for oxygen-assisted breathing 
is lower, since two other effects of high altitude become operative. These are 
physical phenomena occurring only at the upper limit of the troposphere or in the 
substratosphere, and produced by the fall in the total atmospheric pressure. 

At sea level the human body is under a pressure of one atmosphere, 7.e. 
1 kg./em.*?; at greater heights, the pressure on the body will fall to 4 kg./cm. 
at 5,500 m., } kg./cm.” at 10,300 m., 4 kg./cm.? at 13,000 m., and 1/1o kg./cm. 
at 16,000 m. Since gases are compressible fluids, they will tend to expand in 
the body cavities (abdomen), following the Boyle-Marriott law. A soap-bubble, 
e.g., would expand five times on reaching the limit of the troposphere. 

The results are contraction of the respiratory system and flatulence in the 
abdominal cavity, particularly above 10,000 m. which can be compensated, how- 
ever, by prophylactic methods. This second phenomenon of altitude effect (the 
- first being oxygen deficiency. Transl.) is this a purely mechanical effect produced 
| by the reduction in total atmospheric pressure. 

‘ Closely connected is another, similarly physical phenomenon, called by the 
(German) investigators Hornberger and Benzinger ‘‘ Druckfall-Krankheit *’ 
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(‘‘ Decompression Sickness ’’) and by the Americans ‘‘ Aero-Embolism.’’ _ It 
manifests itself in liberation of the nitrogen held in the blood-stream and fatty 
tissues; in the case of a rapid drop of 60 per cent. of the initial pressure, this 
results in the formation of small nitrogen bubbles, causing acute pain, particularly 
in the joints, and even small embolisms. The close relationships of this 
phenomenon to the ‘‘ bends ’’ sickness of caisson-workers and deep-sea divers, 
is obvious. This third phenomenon of altitude effect is now clearly understood, 
and means of compensating it fully developed. Together with the mechanical 
effect of atmospheric rarefaction it is, however, one of the reasons why, for 
high-altitude flights of any duration, it has been found necessary to resort to the 
pressure cabin, protecting the airman simultaneously against all effects of high 
altitude—oxygen deficiency and the two physical factors—by hermetically sealing 
him trom the stratosphere. Protection is also afforded against a third physical 
phenomenon, becoming important, however, only above 20,000 m. 

It will be remembered that at sea level water boils at 100°C. This boiling 
point, however, depends on the atmospheric pressure: e.g. on Mont Blanc 
water boils at 83°C., on Mount Everest at 70°C., at an altitude of 19,000 m. at 
37°C. This, however, is the normal blood temperature and at 19,000 m. conse- 
quently, the body fluids will begin to boil. |The dilatation of the tissues of a 
rabbit at 20,000 m. for instance, has been found due to the formation of water 
vapour therein. 

Referring again to the pressure-cabin, the question arises, of the suitable 
pressure to be maintained therein. The previous analysis of conditions in the 
troposphere would appear to indicate a pressure cocrresponding to altitudes 
between 2-3,000 m. as most suitable from the physiological aspect, being 
sufficiently far removed from the threshold of distress due to oxygen deficiency 
at 4,000 m. while the pressure drop between inside and outside of the chamber 
is less than with normal sea-level pressure inside the chamber. This last is an 
important point, in regard to the possibility of air-leaks in the chamber walls. 

This latter consideration leads directly to the second aspect of the general 
problem of high-altitude flight: The question of safe emergence from the strato- 
sphere in the case of failure of the technical aids—pressure-cabin or auxiliary 
oxygen-breathing equipment—due to enemy action or other causes. 

A complete analysis of this question requires consideration of the conditions in 
the sub-stratosphere—the region between 7,000 and 12,000 m. where the use of 
auxiliary oxygen-breathing apparatus is still possible. 

Assuming, e.g. the O, supply to be suddenly interrupted at 9,000 m., all capacity 
for deliberate action is speedily lost. The time-interval between the interruption 
of the O, supply and loss of the capacity for deliberate action—the ‘‘time-reserve’”’ 
decreases with increasing altitude. 

The same conditions will apply in the case of a leaky pressure cabin, besides 
which the total pressure in the cabin will fall to the level of the pressure in the 
stratosphere, with a simultaneous fall in the partial oxygen pressure. 

Until quite recently, this problem was unsolved. Hoppe-Seyler, a German 
chemical physiologist, made the first decompression experiments on animals 
under a bell glass in 1857, without having any conception of the ultimate 
importance of the problem. Decompression phenomena have been studied and 
classified, particularly by H. G. Clamann (Berlin), and Th. Benzinger and H. 
D6ring (Rechlin). 

As a result of these experiments, decompression from 3,000 to over 15,000 m. 
within a duration of one second has been found easily supportable, at least in 
regard to the mechanical effects. Here again, the decisive factor is the oxygen 
deficiency, and the consequent shortening of the time reserve. From the results 
of such physiological experiments it has thus been possible to develop technical 
devices for overcoming the accompanying disabilities, which it would be inoppor- 
tune to mention at the present time. The problem is allied to that of parachute 
descent. Already the limitation of the altitude for auxiliary oxygen breathing to 
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12,000 m. confronts the airman with physiological facts requiring attention. 
Obviously, consideration of the normal falling and sinking speeds with reference 
to the amount of the time-reserve, raises the question of the most suitable instant 
for pulling the parachute rip-cord. The necessary data can be provided by 
simulating the conditions of a parachute descent in the decompression chamber 
as done by S. Ruff and H. W. Romberg,* as well as O. Gauer, E. Opitz and F. 
Palme.7 

Such experiments have indicated 9,000 m. as the critical limit answering the 
above question. Here, too, theoretical analysis and experimental research have 
given pilots the necessary guidance. 

The trend of aircraft development is in the direction of greater flying height. 

‘ Whether the stratosphere will replace the troposphere in military or civil aviation, 

is a question for the future, but medical and technical researches will be needed 
to clear the way for the penetration of the stratosphere by military or civil aircraft 
Aeronautical medicine in particular, has shown on the problem of stratosphere 
flight, that successful progress is possible only by accurate, quantitative methods 
ot physiological research, since by no other means can Helmholtz’ dictum that: 
‘** Mastery of the forces of Nature is only possible by means of the exact natural 
sciences,’’ be fulfilled. 


* “Der Fallschirmabsprung aus grossen Héhen ’’ (Parachute Jumping from Great Height), 
Vol. 8 (1941), No. 10. 


+ ‘ Fallschirmabssprung und Zeitreserve’’’ (Parachute Jumping and the Time Reserve), 
Luftfahrtmedizin, Vol. 6 (1942), No. 4. 
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HENSON’S ** AERIAL STEAM CARRIAGE,”’ 1843. 


CENTENARY OF THE First DESIGN FoR A PoWER-DRIVEN MONOPLANE. 


By J. E. HopGson, Hon. F.R.Ae.S. 


It is just one hundred years ago, towards the end of March, 1843, that the 
invention or design of the first power-driven aeroplane, Henson’s so-called 
‘* Aerial Steam Carriage,’’ was made public to the world at large. The centenary 
marks an important step in the history of heavier-than-air flight, and in view 


of the development arrived at in 
the aeroplane of to-day—its great 
size, immense power, long range, 
and astonishing speed—the event 
assumes, in retrospect, a greater 
interest and significance than has 
been hitherto accorded to it. It is 
fitting, therefore—the more so in 
that the ‘inventor’ an 
Englishman—that this notable oc- 
casion should not be allowed to 
pass unnoticed in the pages of the 
RoyaL AERONAUTICAL SOCIETY'S 
JourNAL. There is, moreover, the 
additional reason that the Society 
can claim an indirect connection 
with Henson’s project, in as much 
as John Stringfellow, who was 
closely associated with Henson in 
their joint struggles to produce a 
model flying-machine, was one of 
the Society’s most active and en- 
thusiastic members in its early 
years.! 

If further justification be needed 
for the inclusion of an_ historical 
article in the pages of a journal 
which is devoted, naturally and 
rightly, to scientific and technical 
subjects, it may be afforded by the 
recent ‘find’ of a quantity of 
MS. material—as described later— 


recording the results of numerous experiments made specifically in connection 
with Henson’s monoplane, and carried out by John Chapman, a civil engineer 


of Loughborough, during 1843. For Chapman’s experiments and observations, 
though hitherto quite unknown, were concerned with some of the basic principles 


of aerodynamics and aircraft design, on a knowledge of which the success of 
Henson’s, or for that matter any aeroplane ever designed, must largely depend. 


1 John Stringfellow (1799-1883) was elected a member of the Society in 1868. 
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HENSON’S “‘ AERIAL STEAM CARRIAGE,’” 1843. 


But first as to Henson’s own work as a pioneer of mechanical flight, and more 
particularly as to the essential features of his remarkable design for a monoplane. 
For the present purpose these matters may be dealt with briefly, for the story 
of the joint endeavours of Henson and Stringfellow has been exhaustively told 
—as far as extant knowledge permits—by Mr. M. J. B. Davy, of the Science 


Museum, in his authoritative monograph on the subject, to which the present 
writer is much indebted.? 


William Samuel Henson is believed to have been born at Leicester in 1805, 
but very little is known of his early life. This lack of information is apparent 
in the draft of an article on Henson’s aeroplane amongst the newly-found papers 
—as above mentioned—in which Chapman starts with the intention of giving 
some account of Henson’s career. But after referring to him as ‘‘ a young man 
who has honourably distinguished himself by other mechanical improvements,”’ 
he breaks off and the rest of the page is blank. In 1820 he was living with his 
father in Chard, Somerset, and it was doubtless there that he met John 
Stringfellow, who went to live in Chard in that year. Whether as a young man 
Henson received any training as an engineer is not known, but it is evident he 
possessed unusual abilities of a mechanical and inventive kind. In 1835 he 
took out a patent—as his father had done before him—for bobbin-net lace 
machinery (No. 6,898, Oct. 1, 1835), and in 1841 another for improvements in 
the steam engine (No. 8,849, Feb. 16, 1841), with particular reference to a new 
type of boiler and condenser, the latter being doubtless designed by Henson with 
a view to producing a light steam engine suitable for the purpose of his flying 
machine. 

From as early as 1840, and onwards, Henson is known to have carried out 
experiments with model flying machines, and in 1842 he produced, as ‘‘ the true 
and first inventor ’’—to quote the official phrase—the design for his ‘‘ Aerial 
Steam Carriage,’’ the Patent Specification of which (No. 9,478) was sealed on 
Sept. 29th, 1842. Subsequently the complete Specification for ‘‘ Locomotive 
Apparatus for the Air, Land, and Water,’’ accompanied by detailed drawings, 
was duly enrolled on March 29, 1843.° 


Meanwhile schemes were being prepared by certain individuals of the Company- 
promoting breed, to exploit the project as a financial speculation. When once 
the Patent had been enrolled full use was made of the press to boost the claims 
made for a novel invention, which was said—to quote a single example of the 
current bombast—to have ‘‘ qualities and capabilities so vast that it were 
impossible, and even if possible, unsafe, to develop them further.’’ Accounts of 
the ‘** Aerial Steam Carriage ’’ appeared round about April 1st—an unfortunate 
date—mostly with illustrations, the descriptive text being clearly supplied from 
a common source. The editorial comments were mostly favourable, at least to 
the extent of hopefully regarding the invention as one which gave promise of 
great possibilities. About the same time, and doubtless designed to coincide 
with the wide publicity in the press, an abortive attempt was made to float an 
** Aerial Transit Co.,’’ in furtherance of which a Bill was presented in Parliament. 
Though read a first time, but, in accordance with Parliamentary practice, without 
debate, it was not carried any further. Indeed the public interest in the whole 
affair quickly evaporated, leaving only an atmosphere of ridicule and derision 


2? Davy (M. J. B.) Henson and Stringfellow (1840-1868), H.M. Stationery Office, 1931. 


3 


Copies of the original Specification are very rare—probably not more than 3 or 4 are 
extant, one being in the Society’s Library. The full text is printed by Davy as 
Appendix A. 

The Journals of the House of Commons record under date March 24, 1843 (Vol. 54, p. 148), 
that the Aerial Transit Company Bill ‘‘to authorise the transfer to more than 12 
persons of a certain Patent granted to W. S. Henson, relating to Locomotive Apparatus 
and Machinery, and for the establishment of a Company for carrying out the objects of 
the said Patent,’’ was presented by Mr. [J. A.] Roebuck and read a first time. 

See also Hansard’s Debates, Third Series, Vol. 67, 1843. 


119 

| 

‘ 
f 
a| 
1 

d 

n 

of 


120 J. E. HODGSON. 
which tended strongly, and for many years, to prejudice any true appreciation 
of the scientific and mechanical merits of Henson’s aeroplane design. 

In a broad sense Henson’s invention embodied most of the features essential 
to the aeroplane as we understand it, the design in general marking a great 
advance on anything of the kind that had preceded it, or indeed anything that 
followed it during many years to come. The main structure consisted of rigid 
wings built up of wood or bamboo, and covered with fabric, the upper surface 
being slightly cambered. It may be noted that Henson did not propose to 
adopt the setting of the wings at an obtuse V angle—the dihedral angle—which 
Cayley regarded as ‘‘ the chief basis of stability in flying machines,’’ on the 
principle, as he said, ‘‘ every school-boy knows from his shuttlecock.’’> On 
the other hand he specified that the wings were to be strengthened by king-post 
bracing, and both the struts and the wires were to be of oval section—two factors 
in the design the soundness of which Cayley had approved long before, in the 
former case, as the ‘*‘ great principle for producing strength without accumulating 
weight,’’ and the latter on the ground that ‘‘ every pound of resistance done 
away with will support 30 Ib. of additional weight without any additional power.”’ 

The wings had a total span of 150 ft. and a chord of 30 ft., giving an aspect 
ratio of 5 to 1, the supporting surface afforded by these dimensions being 
4,500 sq. ft., or including the triangular tail or elevator, 6,000 sq. ft. Beneath 
the centre of the wings a car or fuselage was fitted, intended to carry ‘‘ the 
engine, fuel, passengers, goods, and letters.’’ The high-pressure steam engine 
of 25-30 h.p. was intended to drive two ‘ pusher ’ propellers or airscrews, each 
propeller being 1o ft. in diameter, having six vanes or blades set at an angle of 
about 45 degrees. Henson estimated that his engine, with its specially designed 
type of boiler and condenser, and including 20 gallons of water, would weigh 
600 |b., the total weight of the entire machine being 3,000 lb. On the basis of these 
figures, in conjunction with the area of the supporting surfaces, Henson also 
estimated that ‘‘ it would require about one square foot for each half pound 
weight of the machine,’’ though no mention is made of the factor of speed. 

In the matter of control, besides a vertical rudder, Henson provided for a 
triangular surface or elevator at the rear of the car—from which they were 
both operated by means of cords—the latter intended to facilitate lateral control 
of the machine. The peculiar fan-like character of this elevator tail—the idea 
of which was probably derived from the analogy of the tails of birds—may also 
have had some bearing on the problem of what is now known as ‘‘ take-off ’’— 
a problem which Henson clearly realised involved much greater power to get 
his machine into the air than that required to maintain level flight when once 
it had climbed to the necessary height. To overcome this problem he made 
the novel proposal to obtain initial velocity by starting the machine from the 
top of an inclined platform or hill—in effect an early form of ‘‘ assisted take-off.’’ 
A more practical feature was the idea of fitting three wheels—the foremost one 
projecting beyond the yacht-like prow of the car—to facilitate landing. With 
this ‘‘ tricycle ’’ landing gear, coupled with the control afforded by the vertical 
and horizontal tails, Henson believed the machine could be brought ‘‘ to earth 
in so flat an incline that . . . very little, if any, shock will be perceived by the 
passengers.’’® It must, however, be admitted that the lack of anything like 
effective control, particularly lateral control, was the weakest feature of Henson’s 
design, though that single if vital fact must not be allowed to detract unduly 
from the notable mechanical merits of the design as a whole. Moreover, in 
assessing his claims to be regarded as a great pioneer of flight, it is fair to 
remember that he spent no small part of some of the best years of his life, and 


5 An interesting example of the application of the dihedral angle to the wings of a flying 
machine is shown—perhaps for the first time—in a sketch (dated 1808) in Cayley’s 
Aeronautical Note-book (Newcomen Society, 1933, p. 53). 

* It may be noted that in 1808 Cayley invented a ‘‘ suspension ”’ 
for use with ‘‘ aerial navigation cars.’’ (Op. cit., p. 58.) 
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doubtless a large part of his substance, in a serious endeavour to solve the 
problem of mechanical flight. Even after the damaging fiasco of the Aerial 
Transit Co., in the specious promotion of which there is no evidence to show that 
Henson took any part, or derived any financial benefit, he continued nevertheless 
with admirabie pertinacity, helped by the collaboration of his friend, John 


Stringfellow, to construct and test a model flying machine on the lines of his 
full-scale prototype. 


These brief details of Henson’s specification naturally raise the interesting 
question as to how far he w as indebted to Cay ley in working out the design of 


his *‘ Aerial Steam Carriage.’’ Though there is little positive evidence on the 
matter it is generally agreed that ‘ without doubt [Cayley’s] writings were 
directly or indirectly, his main inspiration.’ There is, however, amongst the 


Cayley Papers, an autograph letter written by Henson to Cayley in September, 
1846, which seems to indicate an awareness of the importance of Cayley’s 
endeavours in aeronautics, and which certainly suggests the attitude of the 
disciple to the master.” It was written at a time when he was still engaged in 
collaboration with John Stringfellow, in pertinacious but abortive struggles— 
which extended over six or seven years—to construct a successful model flying 
machine, struggles which doubtless exhausted his pecuniary resources, and which 
finally led him, in 1849, to emigrate to America.® 


Chard, Somerset, 
Sept. 28th, 1846. 


Sir,—Altho’ I am personally unknown to you I have taken the liberty of 
addressing to you this letter upon Aerial Navigation knowing it to be a 
subject in which you as well as myself feel deeply interested. You probably 
imagined that I had long since given it up as a failure, and you will no 
doubt be pleased to hear that I have in conjunction with my Friend Mr. 
Stringfellow been doing more or less ever since 1843 towards the accomplish- 
ment of Aerial Navigation, and that we feel very sanguine as to the result 
of our endeavours and consider that we have arrived at that stage of 
proceedings which justifies us in obtaining that pecuniary assistance necessary 
to carry on our efforts upon an enlarged scale and with increased energy. 
We therefore resolved to apply to you as the Father of Aerial Navigation 
to ascertain whether you would like to have anything to do in the matter 
or not. We have conducted our experiments in a strictly private manner 
and trust you will consider this communication the same. We find steam 
power ample for our purpose, but of course we should not confine ourselves 
to it if your Air Engine offers superior advantages.® 


I have the honour to be, Sir, your most obnt. sert., 
W. S. HENson, 


Patentee of the Aerial Machine. 
To Sir George Cayley, Bart. 


The draft of Cayley’s reply, which is also extant—and with Henson’s letter 
is here printed in full for the first time—deserves quotation not so much for the 
pregnant prophesy in the last paragraph, as for the suggestion that Henson had 
rushed upon his project ‘‘ with far too great confidence.’’ For although at the 
time of the publication of Henson’s Patent Specification in 1843, with all the 
exaggerated claims that were made for it, Cayley’s stricture may well have 


7 The Cayley Papers are in the custody of the present writer. 

’ Henson is not known to have taken any subsequent part in matters aeronautical. He died 
at Newark, New Jersey, in March, 1888. 

® Cayley, who regarded the question of power as ‘‘ the sine qua non in the case,”’ had first 


invented a hot-air engine in 1807, and he was occupied with it, on and off, up to 
about 1850. 
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seemed justified, it is evident he did not fully appreciate the amount of experi- 
mental work that Henson had done. 


Brompton, near Pickering, Yorkshire, 
Octr. 14th, 1846. 


Sir,—I have just returned from a journey on business into Lincolnshire, 
or I should sooner have replied to your letter of September 28th. 

I have, as you justly remark, ever felt a great interest in the subject of 
aerial navigation, which has most certainly to make, at some time, one 
great era in the progress of human improvement. Neither do | think that 
time far distant, for the materials are ripe, or very nearly so, at present. 

I had thought that you had abandoned the subject, which tho’ true 
in principle, you had rushed upon with far too great confidence as to its 
practice some years ago. If you have been making experiments since that 
time you will have found how many difficulties you have to adjust and 
overcome, before the results you wish can be accomplished. I think that 
Balloon aerial navigation will probably, in the order of things, come into 
use before mechanical flight can be sufficiently safe and efficient for ordinary 
use. 

I like your zeal, and as far as you seem disposed to treat me with your 
confidence I can only assure you that I shall not abuse it. As to new 
principles there are none; of practical expedients there will be an endless 
variety, and to select the best is the point at issue. 

I hope to be in Hertford Street (No. 20) the latter end of November or 
beginning of December, when if you can show me any experimental proof 
of mechanical flight maintainable for a sufficient time by mechanical power, 
I shall be much gratified, and though I have not any weight of capital to 
apply to such matters, I might perhaps be able to aid you in some measure 
by my experience or connection with other mechanical persons. I do not, 
however, think that any money, excepting by exhibition of a novelty, can 
be made of it. A hundred necks have to be broken before all the sources 
of accident can be ascertained and guarded against. 


I am, Sir, 
Your obliged [servant], 
GEORGE CAYLEY. 


Further evidence has now come to light which supports the view that the 
experimental work carried out in connection with Henson’s flying machine was 
more extensive than is generally believed. This evidence is in the form of MS. 
papers—as already briefly mentioned—recording the results of experiments, 
made in 1843, with observations of a more general character on the main features 
of Henson’s design. They represent work carried out by John Chapman 
(1801-1854), of whose claims as an engineer and scientist it is desirable—in that 
he is better known as a political writer—to give some particulars.'” 

John Chapman was born at Loughborough on Jan. 2oth 1801, his father being 
a clockmaker. Little is known of his early life beyond the fact that he had a 
passion for books and reading. In 1822 he became interested in the manufacture 
of machinery for the bobbin-net trade, a type of machinery for which (as already 
mentioned) Henson took out a patent in 1835. In the course of the next ten 
years or so he built up a successful business in supplying such machinery to 
France, but on the passing, in 1834, of the law prohibiting the export of lace- 
making machinery, he was utterly ruined. In 1836, having moved to London, 
he became associated in the patent granted to J. A. Hansom (1803-1882) for a 
two-wheeled cab, his suggested improvements to which not only made it a 


10 See D.N.B., Vol. 10, 1887, p. 55. 
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practical vehicle, but led to the introduction of the so-called ‘‘ hansom cab,”’ 
and the formation of a company, of which Chapman was the first Secretary. 
Meanwhile his abilities and experience as an engineer of no mean abilities, coupled 
with a useful knowledge of mathematics and physics, brought him work in 
reporting on such mechanical inventions as paddle-wheels for steamboats, railway 
schemes, lace-making machinery, improvements to the steam engine, and—of 
more importance in the present connection—on basic problems in aerodynamics 


and aircraft design, the three last-named subjects being all concerned with 
Henson’s own inventions. 


In later years Chapman became interested in the government and welfare of 
the peoples of India, a subject on which he held views in advance of his time, 
and which led to his being sent out to India in 1845 to report on the projected 
Great Indian Peninsular Railway Company. On his return to England Chapman 
strove to press his opinions both in letters to The Times and The Economist, 
as well as in the publication of pamphlets. He died in London from an attack 
of cholera on Sept. roth, 1854. 

Chapman’s work in the field of aeronautics was directly and mainly concerned 
with Henson’s aeroplane. It is not clear on whose instructions he acted, though 
it was doubtless through one or other of the parties interested in the promotion 
of the ** Aerial Transit Co.’’ The only slight evidence on the subject lies in the 
draft of a letter written, in June, 1844, by Chapman to D. E. Columbine, an 
attorney, who is known to have taken an active part in the speculative aspect 
of the project. In this letter Chapman complains with some bitterness, coupled, 
nevertheless, with evident enthusiasm in the work he was doing and a desire to 
carry it further, that having ‘‘ spent five months in assiduous efforts ’’ to pursue 
the object of the experiments on which he was engaged, he had received no 
payment, and had, as a consequence, been exposed to instant ruin. But there 
can be no doubt the work he did was in connection with Henson’s Patent 
Specification—Henson’s name is frequently mentioned in the MS. papers, and 
there is a brief reference by Chapman as to his experiments on atmospheric 
pressure having been undertaken ‘‘ in company with Mr. Henson,’’ a statement 
which suggests close collaboration. 

Broadly speaking, Chapman’s aeronautical endeavours, as far as they can 
be gathered from his extant papers—and some have certainly been lost in the 
course of time—fall into three categories: (1) Experiments on the resistance 
offered by the air, (2) experiments on propellers or airscrews, and (3) rough 
drafts of articles on the main features of Henson’s aeroplane, with observations 
on general principles and replies to critics. To these may be added Chapman’s 
report, made in 1841, on Henson’s Patent Condensing Steam Engine, which was 
doubtless designed with a view to its use as a light-weight engine suitable as the 
power-plant of the ‘* Aerial Steam Carriage.”’ 

First as to the experiments in aerodynamics carried out in order ‘‘ to ascertain 
the facts and laws of atmospheric resistance, on which the success or failure of 
the Aerial Machine depend.’’!! These were made with a form of whirling-arm— 
‘carefully designed and accurately made ’’—which Chapman, a little vaguely, 
describes. It appears to have been similar to the apparatus used by Cayley 
in 1804—of which Chapman does not appear to have known—though it was 
probably on a larger scale and allowed of a wider range of experiments. In 
the draft of his first ‘‘ ad interim Report,’’ dated Oct. 10, 1843, Chapman records 
that ‘‘ the experiments were made in the open air,’’ though ‘‘ care was taken 
not to prosecute them when the wind seemed at all to affect the results.’’ ‘‘ The 
friction of the machine itself was ascertained by numerous and careful trials, 
which were compared with the best recorded experiments ’’—that is with the 
work of such scientists and mathematicians as Hutton, Edgeworth, Vince, Bossut, 


1 See note as to the term aerodynamics on page 125. 
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Borda, and others,'? some of whose results Chapman mentions, though aware 
that they had different objects in view. ‘‘ The atmospheric resistance due to 
the parts of the machine and the stems which carried the vanes [or aerofoils | 
was also carefully ascertained.’’ Chapman states that the number of experiments 
carried out amounted to nearly 1,000, *‘ for the registered results come to nearly 
2,000 and few of them were recorded with less than five trials each.’’ In 
making use of the data thus obtained Chapman’s mathematical knowledge was 
an important factor. Perhaps not more can be said than that he used the 
mathematical method to arrive at results which were a nearer approximation to 
accuracy than was attained by any of his forerunners in the same field. A single 
illustration may suffice. In reporting on his experiments on atmospheric pressure 
—those he carried out ‘‘ in company with Mr. Henson ’’—Chapman explains 
that the centre of pressure on the vanes [or aerofoils] ‘‘ which varies with the 
angles at which the vanes are set, was ascertained by the formula, 
R= [(1/3¢) { — p* + cos? } ] 

in which R is the distance of the centre of pressure from the centre of the shaft; 
p the distance of the middle of the outer edge of the vane from the centre of the 
shaft; d the depth of the vane parallel with the radius; w=4 width of the vane 
at right angles to the radius, and cos a=cosine of the angle which the vane 
makes with its own path.’’ Chapman adds that ‘‘ the velocities observed varied 
from 100 to 10 feet per second,’’ and elsewhere he states the surfaces used were 
all one sq. ft. 

With regard to actual results, these were inevitably inconclusive, for Chapman 
realised there were problems to be faced before any definite conclusions could 
be arrived at. For instance, questions arose in respect of the use of the whirling- 
arm, of which Chapman wrote, ‘‘ It is clear we can infer nothing safely as to 
the effects of rectilinear motion till we can eliminate from the experiments the 
effects of circular motion.’’ But he evidently felt that the difficulties were rather 
beyond his own capacity, for he suggested that the results of all available experi- 
ments should ‘*‘ be submitted to an experienced natural philosopher in order that, 
if possible, he may extract from them some trustworthy conclusions.’’ Further, 
owing to the ‘‘ want of knowledge of the effect of length of radius,’’ and to the 
fact that the apparatus used by Chapman was ‘‘ unfit to bear the greater weights 
necessary for experimenting with greater radii,’’ he also suggested that apparatus 
on a larger scale should be erected, with the help of which it would be possible 
so to vary the scope of the experiments that ‘‘ the law could scarcely fail to 
present itself.”’ Chapman was, however, able to report that his experiments 
agreed with those made by the scientists already mentioned, ‘‘ in showing that 
the resistance is as the square of the velocity,’’ though he stressed the fact that 
there were some ‘‘ important exceptions,’’ in so far that ‘‘ in all instances at 
low angles, the total amount of the resistance is vastly greater than that which 
theory assigns.’’ This was an aspect of the matter to which he returned on 
several occasions. For instance he expressed the view ‘‘ that the theory of the 
resistance of fluids as it stands in our books, although extremely useful on many 
occasions, confessedly leads to results extremely wide of the truth, and especially 
so in the very particulars which would apply in the present case,’’ while in 
another connection he writes that it is impossible not to see that the results 
furnished by the experiments of former enquirers, ‘‘ destroy all confidence in 
the existing theory.’’ 

In view of that opinion Chapman allowed himself to speculate on the obscure 
and highly scientific problems involved in the modern theory-—not even yet 
wholly resolved—of the compressibility of air. ‘‘ If,’’ he writes, ‘‘ in the present 
state of the subject I were to venture a guess as to the manner in which the 
observed results come about, I should suppose that the particles of air are 


12 Both Bossut (1730-1814) and Borda (1735-1799) were noted French mathematicians, the 
latter more particularly for his researches in hydrodynamics. 


a 


nN 
01 
: 
— 
13 
j 


HENSON’S ‘‘ AERIAL STEAM CARRIAGE,’’ 1843. 125 


propelled, not by the surface itself [but] by a cushion of air which is formed 
by the driving of the particles successively struck against those next beyond 
them, and whose density is that due to the velocity; that this cushion is con- 
tinually renewed; that the air forming it is forced towards the centre by the 
difference of pressure on the parts of the surface further and nearer from the 
centre, those pressures being as the squares of the radii; that in the case of low 
angles the cushion extends across the blade only far enough to give the necessary 
propulsion to the particles struck by a small portion of the blade near its anterior 
edge, and in high velocities extends further across the vane than in low ones.” 
Chapman further supposed ‘* that a careful investigation, both experimental and 
mathematical, of the manner in which this supposed cushion, if it exist, must 
be formed and must act, is amongst the conjectural enquiries most likely to lead 
to a safe and useful general conclusion on the subject.” 

Of Chapman’s experiments with propellers little can be said, the papers being 
too fragmentary. They were undertaken during 1843, in view of the ‘‘ extreme 
importance to the success of Mr. Henson’s Aerial machine, that the power he 


embarks should be used with the utmost economy and effect.’’ 


“At present,’ 
he writes, ‘‘ 


it is assumed that rotary vanes are the best means of applying the 
propelling power,’’ and it is only when the ‘‘ maximum propulsive effect from 
a given power ’’ has been ascertained, that it will be possible to determine the 
actual amount of power which a given set of vanes will expend, ‘‘ and how much 
is really employed in propulsion.’’ The trials were carried out with a small steam 
engine to supply the power, but they were interrupted at an early stage owing 
to the engine unexpectedly developing ‘‘ so great a velocity of the propellers, 
as to break them by their pressure against the air.’’ It can only be added that 
Chapman appears to have varied the number, size, and angles of the blades used 
on the propellers, which were of fragile construction, being made ‘‘ with green 
calico fronts and paper backs.”’ 

The five rough drafts of letters or articles intended for publication, written 
by Chapman in March and April, 1843, are mainly descriptive of Henson’s 
machine, its principles and construction, with observations of a more general 
character arising out of some broader aspects of the project. The descriptive 
particulars follow Henson’s specification, and as such do not call for further 
notice, but something may be said as to Chapman’s remarks on the principles 
of flight, and also as to his answers to objections raised by those who doubted 
or derided the practicability of Henson’s design. The ignorance displayed by 
some writers—those, for instance, whose wild estimates of the power necessary 
ranged from 700 to 13,550 h.p.—was dismissed by Chapman with restrained 
contempt—*‘ such mistakes,’’ he wrote, ‘‘ may rest in peace; they can do little 
harm where the subject is understood ’’—and he countered them with the pertinent 
question, ‘‘ What is the power wanted?’’—a question to which he knew very 
well they could give no scientific answer. 

Dealing with the principles on which mechanical flight is based, Chapman 
used the analogies afforded by the kite and the flight of birds. In purposely 
simple and non-technical language he points out, for instance, that the flying 
machine is ‘‘ supported in its flight by the pressure of air on the underside,’’ 
and that it is the same power which upholds a kite, with this difference, ‘‘ in 
one case the machine moves against the air, in the other the air moves against 
the kite.’’!* As to the knowledge to be obtained from observations of bird- 
flight, Chapman instances the fact that the crow, for example, may be seen to 
make strong and even violent efforts with his wings on rising from the ground, 
but when once in mid-air he sails about with scarcely any movement of his 


13 In defining the word ‘‘ aerodynamics ’’—not commonly used in Chapman’s day—the 
Oxford Diary gives two quotations, dated 1837 and 1868, the latter referring to the 
importance of enquiries in ‘‘ aerodynamics ’’ concerning ‘‘ the resistance offered to a 
body moving in the air, or—which is the same—pressure exerted by air in motion 
on a body at rest.”’ 
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wings for many seconds together. Similarly a hawk, hovering over a spot in 
search of prey, can only maintain his elevation by rapid strokes, but as soon 
as he renews onward flight ‘‘ the beats of his wings become slow, long, and 
gentle.’’ Chapman also describes the motion of a bird taking its flight from 
the top of a high tree or rock, when it often saves itself severe labour at the 
start by making a short dive, the velocity thus acquired bringing into play the 
resistance of the air, thus enabling the bird to rise easily and increase its speed 
by gradual exertions. These latter illustrations are cited mainly as bearing on 
Henson’s appreciation of the problem of ‘* take-off,’’ and in support of his novel 
proposal to overcome the difficulty by allowing the machine to run down an 
inclined platform. It may be added that Chapman, who estimated that to start 
the machine at 50 m.p.h. would require a downward run from a height of nearly 
54 ft., suggested as an alternative that the same end might be achieved by the 
use of ‘‘ a short railroad and a stationary steam engine ’’—a method akin to the 
modern practice of catapulting. 

Chapman’s answers to those who, actually or hypothetically, raised objections 
to various aspects of flight, are interesting not merely by reason of the answers 
themselves, but also because they reveal the fact that he had considered the points 
raised. For instance, in reply to the pertinent question, ‘‘ What if your engine 
were to fail?’’, he explained that the speed would be so reduced as to make the 
shock of the actual landing no worse than jumping from a wall 5 or 6 ft. high. 
To the suggestion that a storm might shatter the machine, Chapman points out 
that no gust of wind in the unobstructed atmosphere—as to which he admitted 
little was then known—could subject the wings, provided they were constructed 
of adequate strength, to a pressure much greater than the weight of the machine, 
and that the main effect of flying into a storm ‘‘ would be to retard its progress 
as measured from point to point.’’ In this connection Chapman also remarks 
that such danger as might arise from violent storms could be frequently avoided 
by delaying the start, which, owing to the speed of flight—elsewhere he refers 
to 50 m.p.h., though he believed speeds would be eventually much higher—and 
the consequent shortness of the journey, would be a matter of small moment. 
To the further objection that electricity in the clouds would be another threatening 
danger, Chapman replies to the effect that ‘‘ the danger lies not in being highly 
charged with electricity, but in being part of the circuit,’’ the probability being 
that in the air no charge would be unsafe, and ‘‘ before the carriage reached 
the ground the charge would be greatly dissipated.’’ On one of the very few 
constructive suggestions made, namely, the idea of combining the lift obtained 
from the resistance of air with that afforded by ‘‘ gas-bags ’’ attached to the 
upper surface of the wings, Chapman, as a true prophet of heavier-than-air 
flight, curtly dismisses the idea, mainly on the ground that even if the bags 
were shaped so as to reduce the ‘drag’ to a minimum, the resistance at 
50 m.p.h. would require an amount of power to overcome it, altogether dispro- 
portionate to the lift afforded by the lighter-than-air combination. 

Turning to Chapman’s observations of a general character, it may, perhaps, be 
thought that they are even more interesting, bearing always in mind that he 
was writing one hundred years ago, at a time when—as indeed for long after— 
to engage in flying projects of any kind was to be regarded as a fool or a crank, 
if not—as was implied by some writers in Henson’s own case—as guilty of 
‘‘ ignorant rashness or arrant knavery.’’ Indeed, it would be difficult to find 
in the period under discussion, anyone—Cayley alone excepted—who was inspired 
with more ardent enthusiasm, based on both reasoned and experimental know- 
ledge, or who showed more faith and far-sightedness, touched with true imagina- 
tive vision, in the struggle to achieve the ‘‘ conquest of the air.’’ Though 
Chapman’s printed writings on aeronautics are, as far as is known, very limited, 
the two contributions he made to The Mechanics’ Magazine—then a journal of 
repute in the mechanical world—under the pseudonymous initials L.L., and 
the anonymous article which appeared in The Times, are certainly more en- 
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lightened and much better informed than any contemporary contributions on the 
subject.'* As whole sentences and paragraphs which appear in the rough drafts 
are used in the articles mentioned, there can be no doubt that Chapman was 
the author—as in the case of other scientists and engineers, he may have thought 
that his professional reputation would suffer if he became associated with such 
an impossible project as aerial flight. A few quotations from the rough drafts 
may help to convey something of his own attitude of mind. 

For instance, in recalling the marvels of science and mechanics as achieved 
in modern times—the steam engine and the railway locomotive, the trans-Atlantic 
‘‘ leviathan,’’ the revelations of astronomy, and so forth—Chapman suggests that 
the satiety following on so many and so great marvels, may detract from a sober 
consideration of the hypothetical wonder of flight. ‘‘ But,’’ he continues, 
“encumbered as we are with the spoils of science, we have yet, we hope, 
unsatisfied ambition enough to anticipate with some exaltation the conquest of 
the air, and to help with head and purse when it is proposed to carry on through 
the regions of unobstructed space, the intercourse which is the life-blood of 
human happiness and improvement.’’ ‘‘ The results, scientific, political, and 
social,’’? he writes in another place, ‘‘ which must follow the success of such an 
invention are obviously of the most momentous character,’’ and though some 
doubts may have crossed his mind as to the use to which it might be put—he 
recalls that the arts of locomotion have on occasion ‘‘ been perverted to uses 
of diabolical design ’’—he gives expression to the faith that so long as the 
development of flight requires ‘‘ the appliances of capital, of cultivated skill, 
and of most exact and elaborate science, so long will it be mainly in the hands 
of that section of the wide earth’s inhabitants most likely to use its astounding 
capabilities in the spirit of justice and goodwill to all.’’ 

To revert, in conclusion, to the main subject of this article, it is beyond 
question that Henson was the first man, in this or any other country, to conceive 
and design in all the necessary detail, a power-driven flying machine which 
conformed to the requirements of Cayley’s classic dictum, namely, that the whole 
problem of mechanical flight was ‘‘ to make a surface support a given weight 
by the application of power to the resistance of air.’? Henson’s remarkable 
design, as revealed in the Patent Specification, must alone be allowed to give 
him a high and assured place amongst those early pioneers of the XIXth century, 
who sought to achieve what Chapman called ‘‘ the conquest of the air.’’ More- 
over, his endeavours, taken in conjunction with the aims and struggles of his 
contemporaries, Cayley, Chapman, and Stringfellow—which extended together 
over the remarkable period of nearly 80 years—stamp the invention of the 
aeroplane as of essentially British origin.'* Not that there is any desire to 
emphasise unduly that legitimate claim, for it is beyond all argument that the 
pioneers of many nations helped to forward the great cause of ‘‘ aerial naviga- 
tion.’’ . It developed, as Cayley foresaw would be the case, slowly and painfully— 
fallacies and errors had to be dispelled, knowledge and experience gradually 
built up, and all this to the accompaniment of jeers, derision, and failure. But 
ever the faith endured, until, concentrating their efforts on the basic problem 
of control, the incomparable patience and mechanical genius of the Wright 
Brothers, made flight an accomplished fact. But we are entitled, nevertheless, 
to honour those of our race who took an outstanding part in the early stages 
of its development, and the present centenary of Henson’s design for the first 
aeroplane has afforded a fitting opportunity of so doing. 


14 See Mechanics’ Mag., Vol. 38, 1943, p. 258, etc. Also ‘‘ The Times,’’ March 30, 1843. 

15 It should not be forgotten that in 1848 Stringfellow—whose name must ever be ossociated 
with Henson—constructed a model of his own design which, for the first time in 
aeronautical history, demonstrated that a heavier-than-air flying machine of small 
size could support itself in the air when propelled by steam power. After a lapse of 
20 years he renewed his activities at the First Aeronautical Exhibition organised by 
this Society at the Crystal Palace in 1868. 
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Is it too much to hope that at some date in the not far distant future, such 
anniversaries as the present centenary, and indeed all matters pertaining to the 
historical side of aeronautics, may become the province of a Society forming, 
in its aims and objects, a parallel to the Nautical Research Society? Such an 
organisation, nurtured in its early stages under the protecting wings and sup- 
ported by the powerful influence of the Royal Aeronautical Society, and working 
—may it be also hoped?—in association with a National Aeronautical Museum, j 
would lift the study of historical aeronautics to a higher plane. It would also ; 
help, in a wider sense, to kindle a warmer interest in aeronautics at large, and 
thus to inspire a justifiable pride in the part this country has played in the past, 
and is yet more greatly destined to play in the future, in forwarding the cause 
of Air Transport. In so doing it would, moreover, make a valuable contribution 
to that great cause—to adapt Chapman’s finely imaginative phrases—by extending 
its astounding capabilities, and thus to promoting, in a spirit of justice and 
good-will to all, that intercourse between men and Nations which is the life-blood 
of human happiness and improvement. 
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